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首次提出了利用紫外 LED 侧向传播的 TM 波激发金属 Al 纳米薄层/半导体界
面并产生量子化 SPP，再经界面接触处 SPP 的电子、空穴对辐射复合，将能量转
换回传播方向各异的光子，达到改变 AlGaN 紫外 LED 光传播方向的效果，提高了
器件正面的光抽取效率。光致发光观测及计算的金属/半导体 SPP 光学色散特性表




层对紫外 LED 的内量子效率并无任何影响。从根本上表明，利用量子化 SPP 与紫
外光子间的能量转换，有利于克服紫外 LED 光发射的各向异性，改变紫外光子的
传播方向。  
基于量子化 SPP 与 TM 波的耦合过程，首次提出了利用金属 Al 纳米点阵产生
















具有良好欧姆接触的紫外 LED 器件上，以考察电致发光变化。EL 谱显示，LSP
耦合的紫外 LED 出射光较先前 SPP 的更强；但器件正面观测的光谱与背面的有显
著不同。正面收集的 EL 增强比，随波长减短而迅速增大，分别在波长 268 nm、
285 nm 及 350 nm 附近出现峰值；背面收集的 EL 增强比谱线较为对称，最高值出
现在波长 291 nm 处，同时在 350 nm-400 nm 波段的 EL 增强显著。FDTD 计算表
明，包裹了 3 nm 厚 Al2O3 的 Al 纳米立方体的 3 个 LSP 共振模分别对应于实际观
测的 EL 增强比出现的谱峰。综合考虑了 TE 波、TM 波与 Al 纳米点阵耦合所形成
的 LSP 后，当从正面收集紫外出射光时，LSP 共振模 I 上顶角场强最强，模 II 和
III 依次减弱，与实验观测到正面出射的 EL 增强比谱线完全吻合；当从器件的背
面收集时，模 II 同时耦合 TE 波和 TM 波的场强最强。进一步提高 Al 纳米点阵模
II 波长与深紫外 LED 发光主波长的匹配度，优化深紫外 LED 的有源层背面出射光






以 RSM、高分辨 XRD 及高分辨 TEM 等表征手段发现，所外延生长的超短周期
AlN/GaN 超晶格界面平整陡峭、周期性理想、晶体质量较高，甚至实现了薄至单
个原子层的外延控制，解决了目前国际上利用 MOVPE 制备 GaN 单原子层的技术
难题。进一步地，通过光刻、电子束蒸发及剥离等微加工工艺，制备了基于超短
周期 AlN/GaN 超晶格的 MSM 光电探测器。器件表现出显著的窄带特征，半高宽
最窄可至 210 meV；改变阱宽，可调控深紫外探测波长从 230 nm 延伸至 266 nm；
减薄垒厚，可有效增大光电流。40 V 偏压下，响应波长为 240 nm 的探测器，其响


















With the rapid development of the society and the driver of the information, 
people’s information demands are increasing for the enlarged capacity and high speed. 
It is feasible that by combining the energy conversion between electrons and photons 
which accelerates the information exchange and transportation. Another approach by 
using quantum devices based on new physical principles is able to meet the highly 
integrated optoelectronic devices. Thus, to explore the related quantum-based 
optoelectronic devices (including emitters, detectors and plasmonics) by means of 
energy conversion is extremely necessary. Recent advances in the UV and deep-UV 
optoelectronics devices based on III-nitride semiconductors offer considerable 
advantages due to the wide bandgap, stable structure and high performance. However, 
to further improve the conversion efficiency is still in need. In this paper, we mainly 
focus on the AlGaN materials by theoretical simulations, experimental growth and 
properties characterizations as well as device fabrication. The major results are 
summarized as follows: 
We proposed the complete structural AlGaN-based deep-UV LEDs with an 
aluminum thin layer for increasing light extraction efficiency. Unlike the conventional 
surface plasmon-quantum well coupling of GaN-based LEDs in the visible region, the 
LEE of LEDs is enhanced by drawing TM-polarized spontaneous emission from the 
devices. A 217% enhancement in peak photoluminescence intensity at 294 nm is 
observed. When the proportion of the TM wave to the Al layer increases with the Al 
content in the AlxGa1-xN multiple quantum wells, i.e., the band edge emission energy, 
the enhancement ratio of the Al-coated deep-UV LEDs increases. Further 
cathodoluminescence measurement demonstrated that the improved LEE of the 
deep-UV LEDs by coupling TM light into the surface plasmons is responsible for the 
UV light extraction enhancement rather than the IQE increases. In this way, the photons 















On the basis of SP-TM process, we reported localized surface plasmon (LSP) 
enhanced deep-UV light extraction by using Al nanoparticles (NPs) for LSP coupling. 
Polygonal Al NPs were fabricated on the top surfaces of the deep-UV LEDs via the 
oblique-angle electron beam deposition. It is observed that the size and density were 
controllable by varying the deposition angle. Both top- and bottom-emission 
electroluminescence with 279 nm multiple-quantum-well emissions can be effectively 
enhanced by the coupling with the LSP generated in the Al NPs. The line shape of the 
top-enhancement ratio is highly asymmetric in contrast with that of the bottom. And the 
primary bottom-emission wavelength is longer than the primary top-emission 
wavelength. We present the near-field behavior calculated using an FDTD simulation 
with Al nanocube surrounded by 3-nm-thick oxide layer. Three LSP modes generated in 
the Al NPs can be recognized. For resonance mode II, the radiation fraction directed 
into the back LEDs is largest in the direction when considering both coupled with the 
TE and TM waves. Thus, we chose the smaller Al NPs, which were deposited at a large 
angle, to further optimize the bottom emission of the deep-UV LEDs. The ratio of the 
primary-emission-peak intensity of the back LED with Al NPs to that of the LED 
without Al NPs (at 284 nm and 279 nm, respectively) was approximately 2.75. 
As for photons converted into electrons, we proposed ultra-short-period 
(AlN)m/(GaN)n superlattices with tunable well and barrier atomic layer numbers by the 
first-principles simulation. The superlattice structures were grown by MOVPE, and 
employed to demonstrate narrowband deep-UV photodetectors. High-resolution 
transmission electron microscopy and x-ray reciprocal space mapping confirm that 
superlattices containing atomically abrupt interfaces, coherently strained GaN and AlN 
layers as thin as one monolayer (ML) were grown, which proves the best results 
growing 1 ML of GaN 2D layer by MOVPE. Theoretical and experimental results 
demonstrate that optical absorption band as narrow as 9 nm (210 meV) at deep-UV 
wavelengths ranging from 230 nm to 266 nm can be produced, and are attributable to 
interband transitions between quantum state along the [0001] direction in ultrathin GaN 















electron-beam deposition and lift-off processes, MSM deep-UV photodetectors were 
fabricated on the ultra-short-period (AlN)m/(GaN)n superlattices. The absorption 
wavelength can be precisely engineered by adjusting the thickness of the GaN atomic 
layers because of the quantum confinement effect. By reducing the AlN barrier 
thickness, the photocurrent increased distinctly. These results represent a major advance 
towards the realization of wavelength selectable and narrowband photodetectors as well 
as excellent performance in the deep-UV region without any additional optical filters.  
Keywords: AlGaN materials; Quantized energy conversion; Deep-UV optoelectronic 
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（Light emitting diodes, LEDs）。电子和空穴之间的能级差别越大，产生的光子能
量就越高，通常把有源区（亦称量子阱）发光波长位于 200-400 nm 的 LED，统称
为紫外 LED。 
与可见光 LED 相似，紫外 LED 集光效高、体积小、绿色环保、色彩丰富等众
多优点于一身，并且耗费的电能远低于普通光源，有着巨大的经济效益和能源效
益。根据紫外 LED 发光波长，可以细划为[10]：长波紫外 LED（320-400 nm）、中
波紫外 LED（280-320 nm）、以及短波紫外 LED（200-280 nm）又称深紫外 LED。
其中，中长波紫外 LED 主要应用于平版印刷（300-365 nm）、纳米聚合物和打印机
油墨的固化（300-365 nm），以及图 1.1 所示的医学光照疗法（300-320 nm）和 DNA
测序等生化分析（270-300 nm）领域。短波紫外 LED 则对于细菌、病毒、微生物
的杀灭（240-280 nm）尤为有效，可广泛应用于杀菌消毒、环境净化，包括空气、
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